In a previous study we observed favorable effects of egg white on serum lipids in rats and mice. The present study was designed to elucidate these effects in 24 female university students with moderate hypercholesterolemia. About 30% of total protein was supplied with egg white, tofu or cheese. The experiment was conducted for a complete menstruation cycle of each subject. Lipid intake was about 30% of total energy intake. The energy intake of each subject was constant throughout the experiment. Body weight was measured every morning. Daily activity was measured by a pedometer. Blood was withdrawn after an overnight fast on the first, 15th and last days and serum lipids were measured. Body weight and daily activity were maintained in all the groups throughout the experiment. The egg white group showed a similar decrease in the total cholesterol (Total-C) concentration but a greater increase of high-density lipoprotein cholesterol (HDL-C) concentration as compared to the tofu group and a greater decrease in Total-C and low-density lipoprotein cholesterol (LDL-C) concentrations and a greater increase in the HDL-C concentration as compared to the cheese group (p<0.05). The results indicate the favorable effects of egg white in the control of hypercholesterolemia.
Summary
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Although egg is a nutritious food, many people avoid it because of its high cholesterol content. All the cholesterol, however, is in the egg yolk with the egg white is cholesterol-free. In an earlier paper , we reported our finding in rats and mice fed egg white protein showing decreased serum total cholesterol (Total-C) and increased high-density lipoprotein cholesterol (HDL-C) as compared with casein, a major milk protein (1) . This is rather opposite to the common notion about eggs. If this effect is reproducible in humans , we can use egg white for the prevention and treatment of hypercholesterolemia and furthermore improve pro tein nutrition. Therefore, the present study was designed to elucidate this phenom enon in humans. We used common protein-rich foods (egg white , tofu and cheese) rather than the purified proteins (egg white protein , soybean protein and casein) for the practical application of our data in human life . Tofu is made from soybean and is a common food in Asia. The report of the Japanese National Nutrition Survey in 1990 showed that the average daily intake of tofu is about 36g (2) . The hypocholesterolemic effect of soybean has been reported by many researchers from the studies of animals (3-5) and humans (6) (7) (8) (9) (10) (11) (12) (13) (14) (15) (16) . In most of these experiments, cow's milk or its protein were used for the comparison and their hypercholestero lemic effect is well known.
METHODS
Subjects. The study protocol, which was in accord with the Helsinki Declara tion was explained to each individual and informed consent was obtained . The study was also approved by the Ethical Committee of Providence University on Human Experiments. Subjects were female volunteer resident students of Provi dence University in Taiwan who were healthy but had relatively high serum cholesterol levels. The number of subjects who consumed egg white , tofu and cheese diets were 9, 9 and 6, respectively. The experiment was conducted over a complete menstrual cycle of each subject . They lived in the dormitory on the university campus.
Study design. The diets were prepared by a dietitian . Ingredients and weight of diets in a day which contained about 1,750kcal and about 70g protein are shown in Table 1 . The intakes of energy and nutrients were calculated using a food composition table (17) . Lipid intake was adjusted to be the same among the three groups with soybean oil and was 36g from test food and soybean oil, which was about 18.5% of total energy. Variation of energy intake of the individual subject was made by increasing or decreasing the amount of steamed rice . Several varieties of meat and fish were used to avoid monotony of meals . Test foods were supplied in the form of egg white, tofu or processed cheese . Nitrogen concentration was determined by the Kjeldahl method (18) . The protein concentration was calculated by multiplying the nitrogen concentration by the nitrogen protein conversion factor (19) . The protein concentrations of egg white, tofu and cheese were 10.4, 6.8 and 23.0%, respectively. Supply of protein with test foods was 23g daily , which was about 500, 500 and 570mg in egg white, tofu and cheese groups, respectively. 2Hen's egg white , tofu and processed cheese were used in egg white, tofu and cheese group, respectively. 3Total amount used in a day .
about one-third of total protein and about 5% of total energy. The test foods were served for breakfast (13%), lunch (43%) and dinner (44%). The energy intake of each subject was constant throughout the study. Cholesterol intakes were about 500mg for the egg white and tofu groups and about 570mg for the cheese group. Body weight was measured every morning soon after waking up and urinating. Daily activities were measured by pedometer (Calorie Counter alpha, Suzuken, Nagoya, Japan) and controlled so that their body weight remained constant.
Laboratory methods. Blood was withdrawn in the morning after an overnight fast on the first, 15th and last days and serum total cholesterol, HDL-C, trigly cerides (TG), total protein and albumin were analyzed by the methods reported elsewhere (20,21) using kits (Wako Pure Chemical, Osaka, Japan). Low-density lipoprotein cholesterol (LDL-C) was calculated by the method of Friedewald et al. 
RESULTS
Average age, height, body weight of the first and the last day, experimental period, energy intake and activity throughout the experiment, and hematological values of the first day are shown in Table 2 . There were no significant differences in all the items among the three groups by Duncan's multiple range test (p>0.05). Initial and final body weight were not different in any of the groups by Student's t-test (p>0.05).
Daily energy intakes were from 1,733 to 1,867kcal. Daily activities measured by pedometer were from 8,582 to 8,752 steps. Figure 1 shows the percent changes in hematological values. The percentage of the final Total-C against the initial value was significantly lower (p<0.05) in the egg white group (88%) and the tofu group (91%) than in the cheese group (105%). The percentage of the final LDL-C was significantly lower (p<0.05) in the egg white group (79%) than in the cheese group (107%). On the other hand, the percentile change of HDL-C was significantly higher (p<0.05) in the egg white group (117%) than in the tofu (95%) and cheese (98%) groups. Significant differences of TG were not observed among the three groups (p>0.05).
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DISCUSSION
In this study, we focused on the evaluation of egg white for the control of hypercholesterolemia by comparison with tofu and cheese. Comparison of the percentile changes of serum lipids among the three dietary groups showed that the egg white group had a greater increase in HDL-C concentration as compared to the tofu group and a greater reductions of Total-C and LDL-C concentrations and a greater increase in HDL-C as compared to the cheese group (Fig. 1) . These results indicate favorable effects of egg white on the control of hypercholesterolemia , even when compared with tofu which is known to have antihypercholesterolemic effect (4) (5) (6) (7) (8) (9) (10) (11) (12) (13) (14) (15) (16) .
High cholesterol intake increases the serum cholesterol level (23 , 24) . Al though egg is a food rich in cholesterol, the effects of its intake on serum cholesterol concentration are contradictory; some researchers observed that egg increases the serum cholesterol concentration (25) (26) (27) (28) (29) (30) , whereas others documented that the effect on the serum cholesterol concentration is insignificant (31) (32) (33) (34) . Two reports (26, 30) of the former group were data from people with very low serum cholesterol concentrations (less than 130mg/100ml). Such data should be excluded from comparison with those obtained from normocholesterolemic or hypercholesterol emic subjects. Even the other researchers in the former group showed much lower levels of serum cholesterol relative to the results obtained with other cholesterol rich foods (23, 24) . These findings suggest that whole egg contains unknown factors which decreases the serum cholesterol level and neutralize the hypercholes terolemic effect of the high cholesterol content in egg yolk. Our present study suggests that the factors are in the egg white.
Carroll and Hamilton (35) compared the effect of about 20 vegetable and animal proteins on serum cholesterol level in rabbits and found that the serum cholesterol levels are lower in the animals fed vegetable proteins than animal proteins. Although they did not specify, the cholesterol level of rabbits fed egg white protein was the lowest among the ones fed animal proteins. Sugiyama and Muramatsu (36) compared the effects of several proteins on serum cholesterol when low and high cholesterol diets were given to rats. One of the proteins was egg albumin. Egg albumin increases serum cholesterol when a low-cholesterol diet is given and decrease it when a high cholesterol diet is given. We also observed the hypocholesterolemic effect of egg white in rats and mice (1) . These reports may support our present finding.
There are many studies comparing soybean and milk and their effects on lipid metabolism, as we have described above. Although in the normocholesterolemic individuals the effects were similar between soybean and milk, in the hypercholes terolemia individuals soybean decreases Total-C, LDL-C and TG levels and in creases the HDL-C level as compared with milk, especially when the cholesterol intake is high (about 500mg/day) (15) . The present subjects were moderately hypercholesterolemic and consumed 500-570mg cholesterol daily. The results of the tofu group were similar to those of soybean reported by them (15) except HDL-C. As a factor contributing to the contradictory results of HDL-C, higher original HDL-C level of the tofu group (57mg/100ml) than that of the egg white group (52mg/100ml) have to be considered, although they were not significantly different (p<0.05).
Some mechanisms of the hypocholesterolemic effect of protein have been suggested. One is by the peptides produced in the lumen by digestion. Sugano et al. (37) have shown that in rats fed soybean protein, the undigested peptide fraction produced in the lumen binds steroids and is excreted into stool, resulting in the decrease of serum cholesterol level. We (38) confirmed their results in hypercho lesterolemic women. We (39) have shown that a small quantity (about 0.1%) of peptides produced in the lumen from protein are absorbed intact and appear in the circulatory system, and that they show various functions, e.g. antihypercholesterol emic action. These reports indicate the possibility that the peptides produced from egg white protein in lumen reduce the serum cholesterol level.
The other possible mechanism is the effect of amino acids. Sugiyama and Muramatsu (36) reported the importance of sulfur amino acids on serum cholester ol in rats. When rats are fed cholesterol-enriched diets, the higher the cystine concentration of dietary protein is, the lower the levels of serum cholesterol are. The cystine concentration in egg white protein is high (0.37%) compared with casein (0.07%) and soybean protein (0.3%). There may be some other unknown mechanisms via amino acids. We are now studying the effect of amino acids by replacing the egg white protein with the amino acid mixture patterned after the protein.
Egg white contains a wide variety of proteins (40) . The effect of the individual protein on serum lipids also have to be studied. Although the main purpose of this experiment was to observe the effect of dietary protein on lipid metabolism, we can not overlook the effect of the other components of foods. These are cholesterol and fatty acids. Dietary cholesterol and fatty acids affect serum cholesterol (23, 24) . The cholesterol intakes of the egg white, tofu and cheese groups were 500, 500 and 570mg, respectively. The total lipid intake of the three groups was made the same by the soybean oil. The subjects in the egg white and tofu groups took 36g soybean oil daily, while those in the cheese group took 10g soybean oil and 26g lipid from cheese. The polyunsaturated fatty acid to saturated fatty acid ratios (P/S ratios) of soybean oil and cheese are 4.1 and 0.03 (41) . These indicate that the difference in lipid metabolism of the cheese group from the other two groups was partially due to the differences in cholesterol concentration and P/S ratio.
Changes of serum lipids were not necessarily consistent during the experimen tal period (Fig. 1) . Some results on the middle and last days were rather contradictory. The data on the last day might be more reliable than those on the middle day, because serum lipid concentrations vary depending upon the phase of L. ASATO et al, the menstrual cycle (42, 43) . We selected subjects whose menstrual cycle were regularly 27-33 days, and the experiment was conducted for a complete cycle of each subject. Therefore, the first and the last serum samples were taken at the same day of the menstrual cycle. Egg is a high quality and cheap protein source. However, many people including the elderly who need more protein, avoid it because they think it is hypercholesterolemic. Even for such people, egg white may be a recommendable food. However, further studies are needed to confirm the effects.
